Polidocanol is the most widely used Sclerotherapy in European and American countries. It is affordable, easy to use and apply, and has high efficiency. The purpose of this paper is to give an overview of the recent basics of the Sclerotherapy, chemistry and formulation, clinical applications, and side-effects and complications of Polidocanol, and to discuss the Polidocanol as the safety and efficacy of Sclerotherapy.
Introduction to the Compound
Polidocanol is a synthetic fatty alcohol, that consists of 95% hydroxypolyethoxydodecane and 5% ethyl alcohol. It is a nonionic surfactant whose chemical structure forms an alkyl chain of 12 ~ 14 carbon atoms (C 12 -C 14 ) and an ethylene oxide chain of 9 ethylene oxide units. Its average empirical formula is [C 30 H 62 O 10 ] . It is a viscous liquid at the room temperature, having a melting point of 15˚C ~ 21˚C. It is miscible in water, having pH value of 6 ~ 8 (water 1%), and having a density of 0.97 g/cm 3 at room temperature, which is close to water [5] [6] .
Polidocanol was first developed in 1931 and was originally used as local anesthetic. It has been shown not to have any local anesthetic property because of lack of an aromatic ring. In 1963, Henschel found out that intravascular injection of high concentration of Polidocanol caused stimulation of the vascular wall. For the first time, the effect of Polidocanol on the treatment of Sclerotherapy [7] in general foam Sclerotherapy did not become popular until the 2000's,
by which time efficient methods for transforming liquid sclerosing solutions into foam were well described by Tessari [8] .
Chemistry and Formulation

Mechanism of Sclerosing Action
Polidocanol shows its sclerosant effects by causing concentration dependent differential cell injury [9] . Cellular calcium signaling and nitric oxide pathways become activated by the administration of the sclerosant, followed by cell death.
Intravascular and intravascular injection of Polidocanol can cause direct damage to vascular endothelium, and then provoke formation of thrombus, being adhesion to the intravascular injection site. Then produce inflammatory lesions and tissue fibrosis, fibrotic cord is instead of pathological blood vessels, leading to the permanent occlusion of pathological vessels, so as to achieve the aim of sclerosis [10] .
Foam Polidocanol Formulation
In recent years, the use of foamed sclerosants is becoming more and more popular. Single layer endothelial cells and animal experiments show that foam sclerosing agents could reach the effective concentration of endothelial cells rather than liquid sclerosing agent. This stronger effect stems from the fact that foam hardener can squeeze blood out and act directly on the walls of blood vessels. Also, it is harder to be diluted with blood for longer periods. In general, foam sclerosing agent is at least twice as effective as the liquid sclerosing agent in the same concentration and volume [11] [12] . The effect of sclerosis depends on foam quality; an unstable foam needs a higher quantity of liquid sclerosant for the same effect as a stable foam. By controlling the stability of foam, one can control the duration of its contact with the blood vessel and therefore the effect of the sclerosing agent [5] [10] [12] [13] .
A lot of methods and mechanisms have been used to mix and agitate liquid sclerosants with gas admixtures to create foams for clinical use. Based on the technique initially by Tessari, making of foam is easy and quick: it can be prepared with syringes, a three-way valve, drugs and air/gas. More and more people use the following method: inhaling 1 cubic centimeter sclerosing agent in one syringe, the other by inhaling 4 cubic centimeter filter air, connecting to a cock valve, applying a syringe to another injector through one syringe to another injector, and 5 cubic centimeter foam is formed [8] . Such foams commonly employ a ratio of gas to liquid ranging from 1:1 to 8:1, producing foams of vary densities and rheological properties [14] . The concentration of sclerosing agent, the temperature of foam formation, the type and composition of gas foam, the characteristics of syringes and needles (materials) can affect the quality of the foam and affect the treatment effect [15] .
In the United States, Varithena® is the only commercially approved ready-made injectable sclerosing foam, which is composed of Polidocanol and gas 65% oxygen and 35% carbon dioxide by using a proprietary pressurized canister mechanism [16] . In particular, the Varithena® foam is appreciably smaller than that from manual foam production techniques, with reproducible rheological properties and more rapid absorption of bubbles within the body [2] [17].
Clinical Application
Polidocanol Sclerotherapy for Varicose Veins
Varicose veins of the lower extremities are common in adults. A study shows that nearly 30% of the population has visible diseases with varicose veins or nutritional changes in the lower extremities, and 28% had functional diseases of the superficial or deep veins of the lower extremities [18] . Beyond the direct visibility of abnormal visible veins, patients can suffer pain, alterations in skin color, inflammation, induration and skin ulceration [19] . Foam Sclerotherapy is a relatively new minimally invasive endovenous technology, which has replaced open surgery in many clinics. Direct diluted foam Sclerotherapy (or direct liquid Sclerotherapy), according to the degree of varicose veins, point to point injection, foam hardening agent at each point 1 ~ 2 mL until the varicose veins become sclerosis or thrombosis [20] . The total amount of each treatment is calculated by liquid, not exceeding 8 ml. The foam hardening of the main stem needs to be conducted under ultrasound guidance, high ligation or main vein stripping of great saphenous vein [21] . In a study of 338 cases of varicose veins, the treatment success rate of foam Polidocanol at 12 weeks was 96% and 95% at 26 weeks [22] . A 5 years follow-up clinical trial of 196 patients comparing the open surgery and the foam sclerosing agent for the varicose veins of the great saphenous vein, the effective rate of the open operation group is 96%, and that of foam sclerosing agent is 64 % [23] . The side effects and complications of sclerosing therapy are rare. The most common side effects are heme deposition and hyperpigmentation around the blood vessels, which occur in about 50% of the patients [24] .
Polidocanol Sclerotherapy for Esophageal Variceal
Esophageal variceal bleeding is a life-threatening complication of liver cirrhosis.
It has a high probability of recurrence and is associated with a significant morbidity and mortality. Endoscopic injection Sclerotherapy has been gradually applied to the management of esophageal variceal bleeding since the mid-1970s and is effective in the control of acute bleeding, which decreases the rate of re-bleeding and prolongs the survival time. At present, endoscopic variceal ligation and endoscopic Sclerotherapy are the first line treatments for acute gastroesophageal variceal bleeding [25] . Intravascular and paravascular injection of Polidocanol, which can eradicate varices and collateral vessels, causes the fibrosis of the lower esophageal submucosal tissue, thus decreasing recurrence of varices [26] .
A Prospective Study of Endoscopic Injection Polidocanol and Endoscopic
Variceal Ligation in the Treatment of Esophageal Varices in 2017 concluded that both band ligation and Sclerotherapy are safe and effective, no difference in mortality rate and Sclerotherapy is considered as the first-line treatment for bleeding cases [27] . However, the incidence of complications of endoscopic injection Polidocanol is up to 20%, such as adverse pulmonary and renal effects, esophageal ulceration, stricture and perforation [28] . With the development of the latest endoscopic Sclerotherapy, the risk of serious side effects, such as perforation of esophagus, ectopic embolism and hemorrhagic ulcers, has been reduced in using Polidocanol.
Polidocanol Sclerotherapy for Hemangioma and Vascular Malformation
Hemangioma (HMS) is a vascular tumor or vascular anomaly caused by vascular hyperplasia, and vascular malformation (VMS) is the result of the stagnation of the venous system during the development of the embryo [29] . In recent years, ultrasound-guided Sclerotherapy with foam has been proven as an alternative treatment for hemangiomas and vascular malformations, especially when complete resection cannot be performed in surgical treatment or the situation is too damage. Polidocanol has less sclerosis power than that of ethanol, but with better tolerance [30] . 
Polidocanol Sclerotherapy for Hemorrhoids
Hemorrhoids are engorgement of vascular cushions lining the anal canal. Almost half of over 50 years old individuals have hemorrhoids. The most common presentation is bright red and painless rectal bleeding during defecation [34] .
Polidocanol is the only approved medication for Sclerotherapy in first and second-degree hemorrhoid [35] with fluid Polidocanol, no serious adverse events at all [36] . Sclerotherapy is a very safe treatment option, but the most common malaise is pain at injection site during or after injection, which can last for several hours at most. Appropriate injection techniques and optimal injection volume of Sclerotherapy are necessary conditions to avoid complications.
Polidocanol Sclerotherapy for Cystic Diseases
It is reported that Polidocanol is used as a sclerosing agent for Sclerotherapy in hepatic and renal cysts for the first time in 1990 [37] . With the development of imaging and medical technology, interventional minimally invasive treatment of cystic disease under imaging guidance has been widely used in clinical practice.
Compared with open and endoscopic surgery, percutaneous Sclerotherapy can achieve the same effect as surgical laparotomy under minimally invasive conditions due to its minimal trauma, low patient suffering and low cost, thus, gradually changing from the original status of adjuvant therapy to a dominant position. The application of percutaneous drainage and Polidocanol sclerosis in cystic diseases including congenital "true" splenic cysts, benign thyroid cysts, hydrocele, epididymal cysts and prostate cysts is considered as a simple low-cost surgical treatment alternative [38] [39]. Ormeci's study reported that Polidocanol is also used as sclerosant in the treatment of hepatic hydatid cysts, splenic hydatid cysts, kidney hydatid cysts, and muscle hydatid cysts with satisfactory long-term results [40] . Rastogi reported that Polidocanol as a sclerosing agents Journal of Biosciences and Medicines can treat aneurysm and bone cysts under fluoroscopic guidance and use as general anesthesia, sedation or local anesthesia [41] . Recent studies have found that
Polidocanol Sclerotherapy for the treatment of digital myxoid cysts and postoperative lymphatic cysts are considered to be a promising, effective and well-tolerated new treatment [42] .
Polidocanol Sclerotherapy for Chronic Tendinitis
Early studies show that the area of neovascularization (neovascularization and nerves) maybe the cause of chronic Achilles tendinitis [43] . Topical administration of sclerosing drugs (Polidocanol) may relieve pain [44] . In the process of Polidocanol being used increasingly for the treatment of chronic Achilles tendinitis, a few inconsistent findings have emerged. There is a case of a complete rupture of achilles tendon in a 78-year-old woman after injection of Polidocanol [45] . Sclerotherapy with Polidocanol for neovascularization of patellar tendinosis may relieve tendon pain and recover normal tibial tendon load activity. It is reported that the treatment of chronic pain in tennis elbow (lateral epicondylitis)
using injection of hard Polidocanol may reduce tendon pain and increase grip strength [46] . However, a meta-analysis shows that there is no significant change in use of Polidocanol compared with that of placebo [47] . It is reported that patients suffer chronic painful shoulder impingement syndrome after injection of Polidocanol. In the short-term efficacy, it seems that the injection of sclerotic Polidocanol for supraspinatus muscle tendon and/or cystic wall neovascularization may reduce the amount of shoulder pain during loading events [48] .
Polidocanol Sclerotherapy for Other
Preoperative portal vein embolization can induce residual liver hypertrophy and atrophy at the same time. This procedure has been used to avoid liver failure in extensive hepatic resection recently. It is reported that when the Polidocanol and gelatin sponge are used in embolization of the portal vein, then obstruction of the portal vein is maintained. It induces sufficient hypertrophy and was the suitable agent for portal embolization [49] .
Foam Polidocanol (PF) has been studied as a safe and cheap method for permanent contraception compared with surgical permanent contraception for women recently [50] . In addition, Polidocanol injection decreases the bleeding rate after colonic polypectomy [51] and in the treatment of itching skin conditions such as eczema [52] . 6% Polidocanol Sclerotherapy is injected into placental implantation to reduce uterine bleeding [53] .
Side-Effects and Complications
Complications and side-effects of foam Sclerotherapy remain uncommon.
However, serious side effects and risks include transient neurologic issues, deep vein thrombosis and tissue necrosis [54] . Visual troubles are definitely more frequent with foam than with liquid [55] . Their clinical presentation is similar to 
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